The effect of ionic strength variation on the ion exchange equilibrium between AMX anion exchange membrane and electrolyte solutions containing the most dominant anions on natural waters (Cl (12) and (13) 
Ion exchange isotherms were established, at different ionic strengths from 0.1 to 0.5 M, for the systems (Cl À Ion analysis was performed using ionic chromatography, coupled to a conductimetric detector.
EXPERIMENTAL Membrane characteristics
AMX membrane used in this work is a commercial product produced by Tokuyama Soda. This homogeneous anionic membrane was prepared by grafting quaternary ammonium groups in a structure based on polystyrene cross linked with divinylbenzene. The main characteristics of the AMX membrane are given in Table 1 .
Isotherm establishment
To obtain the ion exchange equilibrium between the AMX membrane and (Cl À =NO All experiments were carried under stirring at constant temperature (298 K) during 24 hours. The concentrations of ionic species in the membrane are derived from the following equations: The equivalent fractions in the solution, X s (i), and the membrane, X m (i), were calculated using the following equations: were established for the studied systems in order to determine the affinity order of the AMX membrane.
The analysis of these ion exchange isotherms shows that the increase of ionic strength makes the AMX membrane more selective for chlorides than nitrates and sulfates.
The order of preference for the studied anions in this
This result shows that, for low ionic strength, the ion exchange membrane has a greater affinity for the counter-ion with the highest valence. Indeed, the attractive electrostatic forces between the functional sites and the counter-ion are much more important when the valence is higher. This can be related to the ionic potential which is often linked to the ratio of ionic charge (Z ) and to the ionic radius (r)
by the relation Z 2 /r (Tansel ), where the sulfate ions have the highest value, as is indicated in Table 3 . Table 2 for chloride and nitrate showed that the studied membrane has a greater affinity for nitrate than chloride. 
where ρ is the space charge of the center ion, F is the Faraday constant, ε is the permittivity, and I is the ionic strength of the solution.
Thus the increase of the ionic strength decreases the thickness of the double layer which provides the screening of the attractive and repulsive forces of the fixed charge of the surface (Strathmann ). It has been shown that the membrane affinity depends on the internal pressure of the ion exchanger which is preferred to be low. This pressure is greater as the hydrated volume is higher (Bessière et al. ) which explains the increase of the affinity of the ion exchangers for the counter-ions with small hydrated volumes.
The molar hydrated volumes given in Table 4 were cal- Their results showed that at higher solutions concentration this membrane is more selective for chloride than nitrate.
Smith & Woodburn () also found that the Amberlite 400 resin has more affinity for chlorides than nitrates and sulfates for a total concentration from 0.2 to 0.6 M. Boari et al. () studied sulfate removal from seawater. They found that for ionic strength of 0.6 M, the expected divalent/monovalent selectivity reversal had taken place for many resins, and became more selective for chlorides than sulfates.
Selectivity coefficient, separation factor, and thermodynamic equilibrium constant
Selectivity coefficient
The ion exchange reactions are reversible and selective:
The selectivity coefficient K B A is defined by Helfferich () as:
where [i] m and [i] s are, respectively, the concentration of the electrolyte in the membrane and solution and z i is the charge carried by the electrolyte.
Separation factor
The ion exchange equilibrium can also be characterized by determining the separation factor S which is defined by the following equation:
where X m and X s are, respectively, the equivalent fractions of ions A and B in the membrane and solution.
The separation factor has been applied by Clifford & Webber Jr () to describe the experimental data on the ion exchange of NO 
Thermodynamic equilibrium constant
where (a i ) s and (a i ) m are, respectively, the activities of ionic species (i) in the solution and in the membrane.
A can be derived from the selectivity coefficient as shown in the equation below:
where γ s (i) and γ m (i) are, respectively, the activity coefficients of ion (i) in the solution and in the membrane.
The activity coefficients of ions in the solution can be calculated using the Debye-Hückel model given by the following equation (Hamrouni & Dhahbi ):
This relationship is valid for ionic strengths less than 1 M. I is the ionic strength of the solution given by the relation below:
where (z i ) is the ion charge, (r 
where Λ AB and Λ BA are the Wilson's parameters.
The calculated values of selectivity coefficients, as well as the separation factors and the thermodynamic constants are illustrated in Table 5 .
The results of this study show that selectivity coefficients decrease with the increase of the ionic strength which is mainly due to the decrease of the Donnan exclusion at high ionic strengths in the membrane (Dlugolecki et al. 
).
The values of the separation factors given in Table 4 can be used to predict when the AMX membrane is able to remove either sulfate or nitrate or chloride ions from solution.
CONCLUSION
In the present work, the effect of ionic strength on the ion exchange equilibrium between AMX membrane and the binary systems (Cl À =NO and thermodynamic equilibrium constants were calculated, and they are inversely proportional to the ionic strength. 
